Background: Aspiration pneumonia frequently occurs in elderly people requiring care. The importance of oral care for preventing aspiration pneumonia has been widely recognized, but the appropriate method for ideal oral care method has not been determined. The aim of this study was to investigate the relationship between various clinical factors and the number of bacteria in the saliva. Methods: This is a retrospective observational study. The subjects consist of 120 people receiving care at 4 facilities for the elderly. The correlation among various demographic, general, and oral-related factors and the number of bacteria in the saliva were analyzed by a one-way analysis of variance and multiple regression analysis. Results: The univariate analysis showed that older age, tube feeding, inability to gargle, and increased number of bacteria on the tongue were correlated with the number of bacteria in the saliva, but dental plaque was not. Among these variables, the multivariate analysis revealed that tube feeding, inability to gargle, and higher number of bacteria on the tongue were independent risk factors for growth of bacteria in the saliva. Conclusions: To prevent pneumonia in the elderly requiring care, oral feeding, gargling, and tongue cleansing may be important.
Introduction
The percentage of those aged 65 years or older in the Japanese population has increased rapidly; it was 14.5% in 1995, 21.5% in 2007, and 25.0% in 2013, which is the highest in the world. 1 The most frequent cause of death in Japanese people is malignant neoplasm, followed by heart disease and pneumonia. Approximately 97% of those who die of pneumonia are elderly people over 65 years of age. Most cases of pneumonia in the elderly are aspiration pneumonia, which develops in individuals with reduced immunity who aspirate saliva containing pathogenic microorganisms. These facts suggest that preventing aspiration pneumonia is important in order for elderly people to achieve healthy longevity. Several reports have indicated that oral care that is focused on removing dental plaque and calculus by dentists or dental hygienists can reduce aspiration pneumonia in elderly people. 2e5 However, a detailed examination of these reports reveals some problems in their research designs, and it is not clear whether the incidence of pneumonia actually decreased due to oral care. We believe that it is important to determine an appropriate method for oral care in order to reduce oral bacteria and thereby prevent aspiration pneumonia. Kikutani et al. reported that oral bacteria in the saliva was a risk factor for pneumonia onset in elderly nursing home residents. 6 The aim of the current study was to investigate the relationship between various oral conditions and the number of bacteria in the saliva in elderly people requiring care.
Materials and methods
The study is a retrospective observational study and involved 112 elderly people who were receiving care at facilities for the elderly. They received professional oral care consisting of tooth brushing, scaling, and professional mechanical tooth cleaning (PMTC) by dentists and dental hygienists once per week. Age, sex, performance status (PS), form of nutrition, oral wetness, ability to gargle, presence of residual teeth, amount of dental plaque, amount of denture plaque, tongue coatings, number of bacteria on the dorsum of the tongue, and the number of bacteria in the saliva were examined (Table 1) . PS was defined as PS 0 to PS 4 according to the classification of Eastern Cooperative Oncology Group (ECOG). 7 Form of nutrition was divided into perioral normal food, mixer diet, and tube feeding. Oral wetness was measured three times at the surface of the buccal mucosa using an oral hydrometer (Moisture Checker Mucus ® , Life Co., Ltd., Saitama, Japan) and defined as normal when the median was 30, and as dry mouth when the median was <30. The amount of dental plaque was defined as the percentage of all tooth surfaces to which dental plaque adhered (%) multiplied by the number of residual teeth, and classified as "few" if the value was less than 500 and as "many" if the value was 500 or more. The amount of denture plaque was classified as "few" and "many" based on a macroscopic observation by a dentist. The degree of tongue coating was evaluated according to the method reported by Winkel. 8 The dorsum of the tongue was divided into six areas, and in each area a score of 0e2 was given, as follows: 0, no tongue coating; 1, thin tongue coating; and 2, thick tongue coating. Each number was summed together, and the overall tongue coating was evaluated as "few" if it was less than 5 and as "many" if it was 5 or more. The number of bacteria on the tongue and in the saliva was measured before oral care according to the method reported previously 9 with a rapid oral bacteria quantification system (Panasonic Healthcare Co. Ltd., Osaka Japan) using the dielectrophoresis and impedance measurement methods. 10, 11 Statistical analyses were performed using SPSS software (version 24.0; Japan IBM Co., Tokyo, Japan). A univariate analysis of the correlation between the number of bacteria in the saliva and other predictive variables was performed by a one-way analysis of variance, and the multivariate analysis was performed by a multiple regression analysis.
Participants or substitute person provided informed consent to participate. Ethics approval for the study was obtained from the Institutional Review Board of Nagasaki University Hospital (No. 16052315).
Results
The subjects consisted of 38 men and 74 women, and the age ranged from 50 years to 103 years (average, 82.0 years). A poor general condition (PS 2e4) was observed in 65% of subjects, and 23 (21%) received a mixer diet or tube feeding. Dry mouth was found in 46 (41%). Dental and denture plaques were relatively uncommon, probably due to oral care by dentists, dental hygienists, and facility staff. Twenty-eight people (25%) were unable to gargle. Seventyfour (66%) had residual teeth, while 38 (34%) were edentulous. The degree of tongue coating was few in 50 people and many in 62.
The results of the univariate analysis of the relationship between each variable and the number of bacteria in the saliva is shown in Table 2 . Age (p ¼ 0.036), form of nutrition (p ¼ 0.000), ability to gargle (p ¼ 0.000), and the number of bacteria on the tongue (p ¼ 0.031) were significantly correlated with the number of bacteria in the saliva. However, there was no relationship between dental plaque or denture plaque and the number of bacteria in the saliva. The multivariate analysis showed that tube feeding (p ¼ 0.049), inability to gargle (p ¼ 0.025), and the higher number of bacteria on the tongue (p ¼ 0.001) were independent risk factors for growth of bacteria in the saliva (R 2 ¼ 0.318) ( Table 3 ).
Discussion
Pneumonia is the most frequent cause of death among elderly people in Japan. It is thought that aspiration of saliva containing pathogenic microorganisms into the lower respiratory tract is involved in the onset of pneumonia, in addition to the reduction of immunity of the host. In particular, in elderly people who need long-term care, it is not easy to keep the oral cavity clean, since not only do the activities of daily living and muscular strength of the whole body decrease, but the motivation to maintain oral hygiene also decreases as cognitive function decreases.
There have been many reports that focus on the relationship between oral hygiene and aspiration pneumonia in the elderly. It has been reported that oral bacteria are frequently detected in sputum examinations and are one of the main causative microorganisms related to aspiration pneumonia. 4 However, these are also indigenous bacteria in the oral cavity, and it is impossible to determine whether they actually cause pneumonia. Terpenning et al. reported that some gram-negative anaerobic bacteria that are periodontal pathogens are important pathogenic bacteria related to aspiration pneumonia, so the incidence of pneumonia is lower for edentulous elderly than for those with teeth. 5 On the other hand, Yoneyama et al. reported that the incidence of pneumonia for dentulous and edentulous elderly was equal, 21% and 20%, respectively. 2 Their study provides no evidence for a hypothesis that periodontal pathogens are the major cause of pneumonia. Yoneyama et al. reported the results of a large randomized controlled trial covering 11 nursing homes on the relationship between oral health and the development of pneumonia. 2 They divided elderly people in need of care into two groups: the control group (182 persons) who performed oral health care by themselves, and the oral care group (184 persons) who received oral care by staff or a nurse consisting of tooth brushing and rinsing using 1% povidone iodine after each meal, and professional oral care consisting of tooth brushing, scaling, and PMTC by a dentist and a dental hygienist once per week, and they were followed up for 2 years. The incidence of pneumonia was significantly reduced to 11% in the oral care group, compared to 19% in the control group. Their study was the first prospective study to clarify that oral health care can prevent pneumonia in elderly people who require long-term care. However, some weakness are present in their study. First, those receiving tube feeding were excluded from the study, although their risk of pneumonia was much higher than it was in those who ate food orally. Second, it was not clear in their study whether the reduction in pneumonia was due to professional oral care once per week, toothbrushing after each meal, or washing the mouth with povidone iodine after each meal. We aimed to establish the appropriate oral care method that could prevent pneumonia in the elderly in need of care, and the number of bacteria in the saliva rather than the development of pneumonia was regarded as the end point in the current study. The univariate analysis revealed that older age, tube feeding, inability to gargle, and an increased number of bacteria on the tongue were correlated with the number of bacteria in the saliva, but dental plaque was not. Although no valid conclusions could be drawn because of the small number of subjects, these findings seem to indicate that dental plaque is not a primary cause of pneumonia for the elderly in need of care. This may support the results of Yoneyama's study mentioned above, 2 in which the incidence of pneumonia did not differ between dentulous and edentulous persons. The multivariate analysis showed that the ability to gargle and the number of bacteria on the tongue were independent risk factors for an increased number of bacteria in the saliva. These findings may suggest that gargling and removing coatings on the tongue are more important for preventing pneumonia than are tooth brushing and scaling. However, it is often difficult for those undergoing tube feeding to gargle. Hayashida et al. reported that in patients under mechanical ventilation, bacteria in the oropharyngeal fluid rapidly grew to 100-fold higher or more than that before intubation, and that tooth brushing with wiping and suction could not reduce the number of bacteria in the oropharyngeal fluid, although irrigation of the oral cavity and oropharynx with 200 mL of water reduced it to the preintubation level. 12 Irrigation should be considered instead of gargling for the elderly unable to gargle in order to reduce the number of bacteria in the saliva. Further, removal of tongue coatings is also difficult for elderly persons. We previously examined the effect of mechanical brushing, wiping with 0.05% chlorhexidine, and wiping with 3% oxydor on reducing the number of bacteria on the tongue in healthy people among, and concluded that 3% oxydor was the most effective. 13 The most effective method for irrigation and removing tongue coatings in elderly people requiring care should be established. The current study was a pilot study with some weakness. It was an observational study with a small number of subjects, and the endpoint was not the development of pneumonia but the number of bacteria in the saliva. Additionally, all bacteria, not just pathogenic bacteria, were counted. However, we believe that our study was valuable since it suggests that in order to decrease the number of oral bacteria, improvement in the method of feeding as well as gargling and cleaning the tongue may be more effective than tooth cleaning, scaling, and PMTC are. Of course, tooth brushing, scaling, and PMTC are necessary for oral care of the elderly in order to prevent dental caries and periodontal disease, but it should be noted that these procedures are performed to prevent dental disease, not pneumonia. We attempted to establish an appropriate oral care method for elderly patients in need of care, especially those who are incapable of eating orally and gargling.
Conclusion
The multivariate analysis revealed that the tube feeding, inability to gargle, and higher number of bacteria on the tongue were independent risk factors for growth of bacteria in the saliva. To prevent pneumonia in the elderly requiring care, oral feeding, gargling, and tongue cleansing may be important.
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